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ABSTRACT 
In this paper we propose a gadget system in order to solve the problem for those who cannot afford 
prosthetic hand. The Idea is to use physical parameters to control the mechanism. Here we propound 
an approach to achieve the aforementioned idea employing robotics wrist hand using MEMS 
accelerometer along with MEMS gyro. We disclose the key physiognomies of the device that is 3 
axis reflections by computational geometry calculation empower real time intercommunication 
between hand gesture and the servos. And the system maintains the flexibility for the rotation of 
palm and fore-arm that provides the independence of finger movement onward with palm. Our 
system invades I2C bus to interface the movement parameters with Arduino. Due to the use of 
multiple servos in the mechanical structure at same distance from each other enriches the gadgets 
stability level along with maximum load carrying capacity. 
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INTRODUCTION 
 
There have been many complex mechatronic designs 
proposed in the term of solving the problem for those 
who had lost their hand in an accident. These varying 
systems often find themselves focusing on the higher 
technology rather than affordability. But around the 
world there are millions of people those are going 
through this heartache condition, who cannot bear the 
cost of prosthetics hands. Especially for 
underdeveloped or developing countries where a 
large percentage of people lives under poverty line 
and to them robotic technology is like fantasy. So 
considering the following facts, our proposed system 
is very simple along with portability and indubitably 
economical. In general, the gadget will be mounted 
with the wrist. In the in-suit standoff control, palm 
gestures are given as input and calculating the 
particular axis, the structure will reflect. Numerous 
experimental researches have been done in the 
pasture of Hand gesture based robotic system. 
Khajone (2015) and his team have proposed a hand 
motion system that can transmit respective signal 
software wise. Where a different experimenters 
(Choudhary et al. 2014) in their paper, an image 
processing technique using gesticulation means have 
been suggested. Another group of researcher in 
(Afzal et al. 2017) have designed and implemented a 
gesture operated robotic arm using flex sensor. They 
have basically controlled resistance to obtain the 
displacement of the robot. In another publication 
(Prabhu and Sreevidya, 2017), put their focus on 
particular software for the movement rather than the 
affordability and filed implementation. Flex sensor is 
dedicated here along with xbee software to acquire 
the parameters. On the order of receiving physical 
moment data, the combination of accelerometer and 
gyro is very effective. For an example, some 
application demands three axis parameters both 
compass wise and angle wise. At the base level of 
Volume 7 | Issue 3 | January-December-2019 [(7)3: 428-433] | http://onlinejournal.org.uk/index.php/cajast/index  
gesture sensor, researcher endorse that, raw data 
from the hand displacement should be place into 
FIFO buffer to create interrupt signals (Karmakar et 
al., 2017). Considering the following process in 
(Sung et al., 2008), we introduced a widget system 
that can be applied as an extra hand to grab and 
handle day to day stuffs. User controlled code section 
method which is used in digital motion processor for 
debugging, was applied for the gesture movement. 
The system is based on InvenSense MPU-6050 
sensor which acts as a slave component carried four 
servo motor for reflecting X axis, Y axis and Z axis. 
An I2C BUS protocol had been use as a master 
element to deal with the obtained data with the 
Arduino, which is performing as a microprocessor 
for this device. In consideration of accessibility of 
the hardware building tools and diminishing the cost, 
locally available aluminium had been used to make 
the prototype. 
METHODOLOGY 
MPU-6050 MEMS is a three dimensional 
accelerometer and a three dimensional gyroscope in 
one single chip sensor which identify gestures of 
human-palm and generates 3 different analog output 
voltages in three dimensional axis (Aggarwal et al., 
2013). The accelerometer fulfils the task of 
orientation and acceleration and it also detect free fall 
and return three values along the x, y and z-axis 
respectively by maintaining piezoelectric effect. 
Whereas, MEMS gyroscope calculate the rotation in 
space and provides the data in units of degree per 
second by following Coriolis acceleration. MPU-
6050 contains both sensors on the same silicon die 
with Digital Motion Processor (DMP) which can 
process complex 9-axis Motion Fusion algorithms. 
This part is featured with a user-programmable gyro 
full-scale range of ±250, ±500, ±1000 and 
±2000˚/sec (dps) and a user reprogrammable 
accelerometer with a full range of ±2g, ±4g,±8g, and 
±16g (Nasiri et al. 2012). It sense hand gesture and 
transmit data to processor for being processed. With 
the help of complex geometry, we calculate the 
precise degree of movement of the hand gesture. 
After processing the data, main processor that is 
Arduino instructs the servos to rotate (Passaro et al. 
2017). 
 
Figure 1: Geometrical Representation of the 
system 
 
2.1 Signal Processing for analog output of gyro 
sensor 
In gyro sensor oscillator circuit is used to apply 
specific current and make the arm to vibrate. This 
vibration creates external rotational force (angular 
rate is ω) which originates Coriolis force and identify 
vibration in the sensing arm. Detected signal is being 
amplified caused by coriolis force and a new wave 
form is corrected. Then arm vibration phase is tuned 
by 90˚ and correlated with the wave created from 
sensing arm to calculate an angular rate. Various 
phase signals are the results for the rotation angle 30˚ 
left and 30˚ right direction. By adjusting the angular 
rate along with voltage will be the output (Gyro 
Sensor). 
 
 
Figure 2: Gyro sensor Signal Processing Internal 
Structure 
 
 
3. PROPOSED PROTOTYPE  
 
3.1 System Overview 
Here we have used interrupt digital pin to take the 
analog values and sent them to FIFO buffer. This 
buffer will receive interrupt values and knock the 
arduino to react. On this point, the sensor works as a 
slave, so the acquired data need to be subjected to 
enhancement and processed further to make this 
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usable to control magnetometer. To perform that, a 
specific I2C bus protocol is used with     master 
serial data pin and     master serial clock pin for 
connecting to external sensors through which we will 
receive different 3D data. After acquiring the data we 
have multiplied the value with 180 and divide it with 
π. Then data were processed to recognize the gesture. 
Individual gesture is corresponding to different 
command which will transmit the value to the servos 
to rotate. 
 
Figure 3: Conclude Prototype and its migration 
correspondingly 
 
The sensor starts transmission data by writing the 
register 0x3B and request for a total of 14 registers 
properly. The system can successfully receive data’s 
collaborating with registers i.e. 0x3B (Accel_Xout_H) 
& 0x3C (Accel_Xout_L) for X axis; 0x3D 
(Accel_Yout_H) & 0x3E (Accel_Yout_L) for Y axis 
and 0x3D (Accel_Yout_H) & 0x3E (Accel_Yout_L) 
for Z axis. 
3.2 Block Diagram 
 
Figure 4: Block Diagram for the control system 
 
The system consists of MPU-6050 sensor through 
which the arduino received data from hand 
movement. The gathered dada then will be processed 
by the arduino. After mapping the values, the 
processor will send those to respective servos. What 
is more, servos will help to move the overall 
mechanical framework. 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3 Flow Chart 
 
Figure 5: Flow Chart for Algorithm 
 
4. OPERATION STRATEGY 
4.1. Mechanical Structure Movement Control 
For the flawless operation we have to put our 
consideration on an optimal architectural structure 
where X, Y and Z axis exists. Here taking earth is as 
reference line we calculate the sensor displacement 
and mapped with servo degree. 
The system consists of four servo motors. Each 
motor has the capability to rotate 0-180 degree. Each 
motors have predefined commands for different axis 
movement. For an example, first servo had the 
instruction to rotate when the sensor is on X axis. 
This process goes same for Y and Z axis movement. 
For grabbing, we used two plates. One is static and 
one is dynamic. The whole body was made with 
Aluminum.  
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Figure 6: Software representation of the 
Mechanical Design 
 
4.2. Calculation 
4.2.1. Calculation for sensor 
 
To find out the displacement angle of human palm, 
we need to consider some raw value that the sensor 
provides. By processing those raw values, we can do 
the geometrical calculations (Bhuyan and Mallick, 
2014). 
Let denotes three variables for acceleration i.e.    ,   
and    
And for the gyro sensor, the variables are  ,   and 
   
If R is the vector for X, Y, Z axis then we can write 
the following equation: 
     
    
    
  
As the inclination of X axis provides the rotation 
around Y axis and this shows negative rotating 
values around X axis. 
The rotation around the X-axis is: 
        
  
√  
    
 
 
The rotation around the Y-axis is: 
        
  
√  
    
 
 
With the condition that, Z axis is coordinated along 
with gravitational acceleration vector, so that it is not 
possible to figure out the rotation around the Z axis 
from the accelerometer. Therefore, we need 
gyroscope data to acquire the Z axis values. 
                    
                                                   
                       
 
Here, 131 is the constant. 
Finally, we can get the rotation for Z-axis is: 
                            
                            
                            
The following equations are the generalized structure 
and display the geometrical methodology. 
 
Figure 7: Accelerometer and Gyro meter internal 
control strategy [12] 
4.2.2. Maximum Load Calculation 
 
 
Figure 8: Load Calculation 
Measured and rated values for the system are as 
following: 
Torque=1.8 kg-cm. 
Total distance of the structure is: 
               
We have used four micro servos. So for each servo 
we have the mechanical distance of the structure is: 
                            
 
Since,  
                      
       
      
        
 
       
   
    
                                    
So, for four servo motors the load capacity is: 
                 
               
Rated weight for each selected servo is   . As the 
structure was made with Aluminium and a few wires 
were used. Therefore, weight for structure and wire 
is    . 
Total weight for the system is: 
              
Finally, the maximum load capacity of the system is: 
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5. RESULT  
The main concerning point for this system is it time 
response along with stability. A combinational circuit 
i.e. gyro meter and accelerometer had been used to 
bring stability into the gadget. We were able make 
the system synchronous. The Gesture recognition 
data are given below. 
 
 
 
Figure 9: Gesture recognition data list on serial 
monitor  
 
(a) 
(a)
                                                                             
(b) 
 
(c) 
Figure 10: Response for No load, 48.61% load and 98.66% load on 
gadget for X-axis (a), Y-axis (b) and Z-axis(c) degree wise. 
 
Fluctuation of the stability and load carrying 
capacity has been investigated through 
MATLAB platform. Figure 10 (a) shows the 
deflection between sensor and gadget movement 
on X-axis for various load conditions. Linearity 
has been found in the system’s behaviour under 
no load condition. But when the system is under 
48.61% load, average 2˚ decrease in rotation 
have been observed. For 98.66 % load, around 5˚ 
deviation had been found in the rotation. This 
difference goes same for Y-axis figure 10(b) and 
Z-axis figure 10(c). To sum up, with the increase 
of load the graph goes downwards in every axis 
movement. 
6. CONCLUSION 
We suggested an uncomplicated, flexible and 
cost effective gadget system as a remedy for the 
handicraft people. Not only we tried to improve 
the reflection but also tried to adjust the whole 
system to interact with human body. This 
experimental approach had addressed a range of 
analytical and mechanical complication such as 
Z axis movement failure which has been solved 
by using gyro meter during the research. 
Currently the system has the capability of 
carrying 1096 g. With the improvement of 
torque (kg-cm) rating for each servo motor, a 
slight troubleshooting and a 3D structure 
building, this gadget could be used as a medical 
amputation that makes life easy for those who 
are going through such a misery. 
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